Research, by definition, is a course of critical or scientific enquiry, directed to the discovery of facts through careful study of a particular subject or discipline. The reward is not fame or success but simply intoxication, and this seems to be the reason why so many research workers are unable to give it up. Lectures and publications appear to be almost byproducts, even though they may have been the motivating force to do research in the first place. Luck also plays a major role and the supply of chemicals, apparatus, biological materials, and above all money must be available.
Catecholamines
The monograph on adrenaline in the British Pharmacopoeia 1932 stated that the amine may be prepared either from an acid extract of the suprarenal glands of mammals or by synthesis, and it was known in 1943 that the official Solution of Adrenaline Hydrochloride developed on storage different shades of pink and red, with subsequent loss of physiological activity. Woolfe (1941) had shown that adrenaline in Injection of Procaine and Adrenaline was stabilized by the addition of sodium or potassium metabisulphite and it was logical, therefore, to consider introducing metabisulphite into the official Solution of Adrenaline Hydrochloride to prevent the development of colour and loss of activity. However, as metabisulphite interfered with the biochemical colour tests used for adrenaline, a suitable biological assay technique had to be developed. The isolated perfused frog heart preparation was eventually modified and this enabled direct comparisons to be made between standard unheated freshly-prepared solutions and treated solutions, with the opportunity of interchange as required (West 1943) . Optimal conditions for stability and storage of solutions of adrenaline in hydrochloric acid, when enclosed in heated ampoules, were thus found to be a pH value of about 4 and the presence of 0.1% potassium metabisulphite (Berry & West 1944) . Work on the hydrochloride was followed by the possible use of the tartrate (West 1945) , and a solution of adrenaline acid tartrate dissolved in saline containing metabisulphite and autoclaved in well-filled ampoules or bulk containers was introduced into the BP 1948 as an injectable preparation. This was in addition to the unheated solution of adrenaline hydrochloride containing metabisulphite placed in well-filled containers, protected from light and stored in a cool place. The former preparation was intended for parenteral injection to stimulate the heart and raise the blood pressure, whereas the latter was for non-sterile use in ointments and (in those days) eye and nose drops.
Adrenaline was long regarded physiologically as both the specific hormone of the adrenal medulla and the chemical transmitter in the sympathetic nervous system. Its synthesis in 1904 ended, for practical purposes, biochemical research in that particular area of medical science. Yet there were difficulties in accepting adrenaline as the sole transmitter of sympathetic nerve impulses until Bacq (1934) put forward the view that noradrenaline (as well as adrenaline) might be a transmitter substance in adrenergic nerves. A substance closely resembling noradrenaline (the primary amine) was later found (von Euler 1946) to be present in extracts of the heart of ox, horse and cat and of nerves of the sympathetic chain. So a comparison of the pharmacological properties of the two amines on a large number of animal tissues was first required, and then their release into the blood stream when adrenergic nerves were stimulated needed to be studied.
The comparison was made so that methods for distinguishing them in extracts and perfusates of tissues by parallel quantitative assay could be devised. Ratios of equiactive doses were determined, the highest values showing adrenaline to be the more active on rat uteri whereas the lowest values showed that noradrenaline was always more potent as a vasopressor agent (West 1947) . Adrenaline was known to be inactivated by monoamine oxidase in the liver, and so inhibitors of this enzyme were injected into animals in small doses which potentiated the effects of adrenaline without modifying those of noradrenaline. Under these conditions, the effects of stimulating the sympathetic hepatic and splenic nerves were not potentiated, clearly showing that noradrenaline was the predominating catecholamine released from these nerve endings (Mann & West 1950 ).
An extensive investigation of the adrenal glands of 17 animal species followed (West 1955) and results indicated that the greater the activity, the higher was the noradrenaline content. For example, top of the list was the chicken with activity of over 10 mg/g and over 80% noradrenaline. At the bottom, hamster, rabbit and guinea-pig glands had under 0.5 mg/g and under 10% noradrenaline. In man, about 17% of the total activity in the adult adrenal (0.6 mg/g) was found to be noradrenaline. However, it was more than 90% in the glands of children aged less than 70 days (West et al. 1951) , and in fact this high value for the relative noradrenaline content of human embryonic tissue was similar to that for adult medullary tumours, a few of which had been analysed biochemically by that time (1951) . Tumour cells, like embryonic cells, are relatively undifferentiated cells and identification of precursors of the catecholamines was considered possible in extracts of these cells. Yet only adrenaline and noradrenaline were found, even though all the then-known precursors could be separated by paper chromatography (Shepherd & West 1953a) .
Extra-adrenal sympathetic plexuses of human fetuses, known as organs of Zuckerkandl, originate with adrenal medullary cells from the neural crest and develop up to the age of 12 months and then degenerate. When tested, their content of noradrenaline (the only catecholamine found) far exceeded that in the adrenal glands at birth, suggesting that these plexuses have an important function in early life. Their noradrenaline content increased steadily from 16 weeks' gestation (the earliest specimens tested) and began to fibrose soon after birth when the adrenal medullary cells began to mature . Possibly the noradrenaline in the organs helps to maintain the blood pressure of the fetus in utero and of the baby in early life. Other mammals were later shown to have similar retroperitoneal tissue composed of chromaffin cells containing only noradrenaline, with maximal values about the time of birth (Shepherd & West 1952) .
Tumours of the chromaffin cells of the human adrenal medulla (phaeochromocytoma) have been known for many years and, as stated earlier, relative noradrenaline contents of over 90% were found in these tissues. Extracts of tumours of the organs of Zuckerkandl as well as of tumours of the adrenal medulla of bullocks and dogs were also tested and again very high relative noradrenaline values were obtained (Head & West 1955 ). In'each case, however, extensive analysis of the extracts failed to detect catecholamines other than adrenaline and noradrenaline. By labelling techniques, the precursor in vitro of the two amines had been found to be dihydroxyphenylalanine (DOPA), but there was none detected in any of the tumour extracts tested. Not even dopamine, the decarboxylated DOPA, was present, though this amine was found in extracts of the adrenal glands of sheep, cows and oxen (Shepherd & West 1953b ). All other approaches to the formation of catecholamines in vivo failed to detect precursors which presumably are immediately converted, after formation, to more active compounds and therefore have only a very short life in the body.
Since that time (1958), great advances have been made in many fields of catecholaminesthe use of DOPA in the treatment of Parkinson's disease, the identification of more adrenoceptors, and the elucidation of neuronal and extraneuronal uptake mechanisms, to name just a few. The initial work described here, indicating the importance of noradrenaline in the adrenal glands and at the adrenergic nerve endings, has been a foundation on which some later hypotheses have been built. Its synthesis in the body has been evaluated and different cell types in the adrenal medulla which are separately innervated have been shown to produce either noradrenaline or its methylated derivative, adrenaline.
Histamine
One of the first workers to show that heparin and histamine are simultaneously released from the liver of the dog after anaphylactic shock was Rocha e Silva (1952) . It seemed logical that both substances originated from the same cell, and so chemical substances capable of releasing histamine in the rat were first studied from 1950 onwards. When a rat was killed quickly by a large dose of a fluorescent releaser given intravenously, the fluorescence was at first sharply localized to special cells called tissue mast cells, especially those within the loose tissues of the peritoneum (Riley & West 1952) . These cells then broke up and the histamine content of the tissues was markedly reduced .
Other histamine releasers such as D-tubocurarine or morphine produced similar disruption of mast cells. Subsequent work showed that, as with heparin, there was a good correlation between the histamine content of a particular tissue and the number of mast cells it contained. Whereas the amount of heparin released from dog liver when its mast cells disrupted after anaphylaxis was high enough to alter the coagulability of the blood, that from rat mast cells was insufficient to show this property and so it had to be analysed by more sensitive biochemical methods. Nevertheless, a striking positive correlation was found to exist between the heparin content of a tissue and the amount of histamine that was extracted from it (West 1959a) . For example, ox aorta contained much histamine, many mast cells and much heparin, whereas that of the pig had almost no histamine and heparin and contained very few mast cells. The liver of the ox contained much histamine and heparin whereas that of the rat had almost none. Mast cells were numerous in lung pleura and histamine and heparin contents were high, yet the lung parenchyma had far fewer cells and much less histamine and heparin. In the skin of different species, a good correlation also existed between the mast cell counts and the histamine and heparin contents (Riley & West 1956) . After depletion of the mast cell population, many weeks were needed for full recovery. Finally, examination of mast cell tumours (mastocytomas) from man and dog yielded enormous amounts of both histamine and heparin from the dense islands of mast cells present (Cass et al. 1954) . When distant metastases were considered, it was possible to predict histological evidence of tumour cells in tissues by the demonstration of their raised histamine and heparin contents.
Among the many compounds known at that time (1954) to be capable of releasing histamine from mast cells of the rat was a group of polysaccharides of which clinical dextran was typical. On first injection, the rat responded with an oedema reaction which was similar to that following anaphylactic shock. For this reason, the dextran reaction was called anaphylactoid. However, not all rats responded to this first injection or to subsequent injections , and by selective breeding a colony of rats which did not give this oedema was established ). These resistant rats were designated NR or non-reactor rats, in contrast to those which did respond (R rats), and were shown to possess an autosomal recessive gene. Although all rats had similar numbers of tissue mast cells and similar amounts of histamine and heparin in their corresponding tissues, it seemed that differences in receptor material on the membranes of the mast cells probably existed. Recently, it has been found that the plasma membranes of peritoneal mast cells from NR rats contain a polypeptide of molecular weight of about 74000 daltons and this is deficient in the membranes of R rats (Ludowyke et al. 1982 ). More work is clearly needed to define its function but this polypeptide may in some way modify the dextran receptor in NR rats so that histamine release cannot be induced when dextran is injected. Similar results concerning the release of histamine have been found using isolated peritoneal mast cells from the two types of genetically different rats (West 1982a) .
Besides dextran, other polysaccharides such as mannan and zymosan produced the anaphylactoid reaction in R rats but not in NR rats (Poyser & West 1965) . Dextran and mannan have repeating units of the main chain made up of x-pyranosyl configurations, with 1 6 links, and mannan is the more active probably because it has a higher degree of branching. Their dose-response curves were parallel and both effects were inhibited by glucose and glucose-like compounds. A similar mechanism of action appeared to be involved, with the same stereospecific receptor having to be occupied before a response occurred. A glucan, isolated as an impurity in invert sugar solutions, also gave the anaphylactoid reaction in R rats though it was also weakly active in NR rats. This glucan was active in human skin (West 1978) and unexpectedly had a similar pattern of activity as that of NR rats. It could be that the plasma membranes of mast cells of non-allergic humans also contain a polypeptide which normally prevents the anaphylactoid reaction of dextran, mannan and glucan.
Although histamine is a strong stimulant of the parietal cell of the gastric mucosa and of the smooth muscle of the gut wall, its precursor, the essential amino acid histidine, is not, and yet both histamine and histidine, as well as heparin, promoted the healing of experimental skin wounds in rats, effects clearly related to growth (Fenton & West 1963) .
5-Hydroxytryptamine
Certain histamine liberators were shown in 1956 to be capable of also releasing 5hydroxytryptamine (5-HT) from tissues and, as over half of the total 5-HT in the adult rat resided in the skin, it appeared possible that it was associated with histamine in tissue mast cells (Parratt & West 1956 ). However, when the skin was scraped to separate the subcutaneous layers completely from the outer epithelium, the major portion of the mast cells and histamine was removed with the scrapings and the major portion of the 5-HT remained. This proved that mast cells are not the only source of 5-HT in rat skin (Parratt & West 1957a ). Anomalies also occurred in the link between 5-HT and mast cells in other tissues of the rat and in other species. Then 5-HT was found to be one of the mediators of the anaphylactoid reaction produced in R rats by injections of dextran and certain polysaccharides. This was achieved by testing the oedema fluid at the height of the reaction and finding 5-HT but very little histamine (Parratt & West 1957b ). The anaphylactoid reaction was also prevented by selective antagonists of 5-HT such as bromo-lysergic acid diethylamide, in circumstances when antihistamines were only partially effective. As the dextran anaphylactoid reaction occurred only in R rats, 5-HT was sought in the skin of other animal species but was not found. Thus, 5-HT did not appear to be concentrated in tissue mast cells in the skin of species other than the rat and these species did not respond to dextran. Yet NR rats which have 5-HT in their skin did not show the dextran anaphylactoid reaction, thus providing further evidence for the presence of an inhibitory substance such as a peptide in these rats.
The starting point for the formation of 5-HT is, like histamine, an essential amino acid. The introduction of the hydroxyl group in position 5 of tryptophan and the decarboxylation of the resulting product have all been studied in detail by biochemists. However, the decarboxylating enzyme was shown to be concentrated in the kidney, liver, gut and brain (West 1958 ) and yet 5-HT levels were high in the enterochromaffin cells of the gut and low in the kidney and liver. The urine of patients with carcinoid (argentaffinoma) contained huge quantities of 5-hydroxytryptophan and 5-HT, in addition to the normal degradation product, 5-hydroxy-indole-acetic acid, and, as with phaeochromocytoma, the diagnosis of overactive argentaffin cells in the gut was possible by simple analysis of the urine of patients with this tumour.
Finally, the presence of 5-HT in animal tissues may be linked to evolution, as a derivative of it (3-indole-acetic acid) is considered to be a hormone in plants. This compound, like 5-HT, changes the permeability of the cell wall and allows an increased uptake of water and nutrients. 5-HT increased the permeability of blood vessels in the rat and was found to be considerably more potent than histamine, doses one-hundredth those of histamine being effective in rat skin. In guinea-pigs, the reverse was recorded. In fruits like pineapples, bananas and tomatoes (West 1959b) , the highest concentrations of 5-HT were detected in the peel and skin, particularly at ripening times. Possibly the amine assists plants to come to maturity, for its concentrations rapidly decreased after this time.
Experimental shock
In addition to dextran and other polysaccharides, the seaweed extract called carrageenan also produced an anaphylactoid reaction in rats involving 5-HT, histamine and other mediators. Unexpectedly, however, carrageenan was equally potent in both R and NR rats (Thomas & West 1973) , and so many types of experiment were carried out using both dextran and carrageenan as local inflammatory agents in rat paws. In one such experiment, the anti-inflammatory properties of amino acids were investigated, particularly as they might be of value in different states of experimental shock resulting from injections of anaphylactoid agents or irritants. The first choice of phenylalanine heptyl ester proved to be a very potent inhibitor, but only on injection (Thomas & West 1974) . By mouth, the ester was quickly hydrolysed into the amino acid and heptanol, both of which were inactive.
Esters of lower molecular weight alcohols were inactive by all routes tested. NVhen the study was extended to esters of acetic acid, the inhibitory effect increased with alcohot chain length and peak activity again occurred at a 7-carbon chain length. It seemed that the receptor site for inhibitory activity was optimally filled by the heptyl compounds.
The local oedema reaction in the paw of the rat after moderate cutaneous burns (46.5°C for 30 min) was next studied. As selective antagonists of histamine and 5-HT did not protect the paws from injury during the heat stimulus, other mediators had to be considered. Bradykinin, derived from the breakdown of certain blood globulins, was the first choice. The paws of R rats, perfused during and after the heating procedure, were found to release bradykinin but no histamine. They became swollen and many blood spots developed. Paws of NR rats showed some vasodilatation but no oedema and no release of kinin (Starr & West 1967a) . Sodium phenylbutazone greatly reduced not only the swelling but also the release of kinin from the paws of R rats. When other forms of shock were analysed, a corresponding involvement of bradykinin was found. For example, the application of rubber sleeves to hind paws of R rats for 6 hours produced significant releases of kinin (and only traces of histamine) into the peritoneal cavity when this was perfused, and all the rats died over the next 24 hours after removal of the sleeves. NR rats, on the other hand, were more resistant (Starr & West 1967b ) and the release of kinin was very much less. Animals dying after this type of tourniquet shock always showed intestinal haemorrhage. Similarly, R rats subjected to traumatic shock using the revolving drum technique and a fixed number of revolutions released huge amounts of both bradykinin and histamine into the peritoneal cavity and most of them died, whereas NR rats were again more resistant to this procedure. As with thermal shock, the release of kinin during tourniquet and traumatic shock was a consequence of metabolic processes of protease activation.
Many of the procedures used to increase the susceptibility of R rats to experimental shock (such as the injection of insulin or Bordetella pertussis vaccine) were found to have a common factor in that hypoglycaemia was present when the challenge was made. However, other factors were involved, including seasonal changes in resistance of animals to different forms of shock. For example, sensitivity of R rats decreased markedly during the summer months when they were subjected to heat, tourniquet and traumatic shock (Warne & West 1980) . R rats also became relatively insensitive to histamine, doses 100 times those used in the winter being required to exert threshold vasodepressor responses. A special study following this theme of seasonal variation in response to drugs and experimental procedures has not been undertaken in detail.
Arthritis
When Freund's adjuvant is injected intradermally into a paw or the tail of R rats, disseminated inflammatory lesions of many joints and the skin develop after a latent period of about 12 days. The condition resembles closely human rheumatoid arthritis in many respects. It is most probably mediated by appropriately sensitized lymphocytes and is therefore a model of delayed hypersensitivity in response to mycobacterial antigen. Great interest was aroused when it was reported that NR rats failed to react to the adjuvant and hence failed to prevent arthritis (Freeman et al. 1973 ). Nevertheless, it has recently been found that young NR rats fully react to the stimulus and develop lesions whereas adult animals do not (de Brito et al. 1982) . The cause of this change in sensitivity to antigen has not been identified, but a similar phenomenon was also found to occur in yet another colony of rats (spontaneously hypertensive rats), although both young and old rats of this colony were uniformly sensitive to dextran.
The shorter type of experimental arthritis induced in rats by the intravenous injection of Mycobacterium arthritidis, as opposed to that induced by the intradermal injection of M. tuberculosis (as in Freund's adjuvant), developed equally well in both young and old R and NR rats (Freeman et al. 1973) , again illustrating the absence of a link between dextran sensitivity and the development of arthritis. NR rats had a significantly higher white blood cell count and polymorph count than did R rats, and this was considered to be the chief cause of resistance to dextran and experimental shock. However, later work involving raising and lowering these counts in both types of rat proved that this was not so.
Levamisole and D-penicillamine (dimethyl cysteine) are antiarthritic drugs with a late onset of action in man. In rats, levamisole potentiated the oedema of the paw induced by carrageenan whereas penicillamine was without effect, and a similar result was found on adjuvant-induced arthritis. Levamisole also stimulated migration of polymorphs into inert sponge implanted subcutaneously into R rats, whereas penicillamine was inactive (West 1982b) . However, in arthritic rats, both antiarthritic drugs greatly stimulated leukocyte migration. into inert sponges when the disease was well established and migration had been markedly reduced by the disease (Griffiths & West 1980) . It is possible, therefore, that both drugs directly stimulate lymph node cells to mitosis and restore chemotactic responsiveness which occurs in certain diseases.
In the past, copper complexes of non-steroidal anti-inflammatory drugs have been claimed to be more effective in models of inflammation in the rat than the parent compounds and also to possess antigastric activity. During the course of many acute and chronic inflammatory processes, the level of circulating copper was also known to be significantly raised, only to be reduced by even the most effective copper and non-copper antiarthritic agents. These contradictory results suggested that the value of the copper ion in inflammation and arthritis should be further investigated. A comparison was therefore made of the action of histidine (an inactive amino acid) with that of its copper complex in a series of tests. The histidine complex was first found to be a potent inhibitor of both the dextran and carrageenan oedema reactions in rats and then shown to be very active against erythema produced in rat skin by exposure to ultraviolet light (West 1981) . Copper complexes of tryptophan and cysteine were similarly effective. Copper salicylate was then found to be even more effective than sodium salicylate in inhibiting most models of inflammation and the value of the copper ion was clearly demonstrated in this context. Later, in a long series of experiments, the activities of 5 types of anti-inflammatory drugs and their copper complexes in three models of inflammation and arthritis were compared (Lewis & West 1981) . The 5 types used were aspirin, sodium salicylate, indomethacin, levamisole and D-penicillamine, and in all cases the therapeutic potencies were increased, mostly by a factor of 10. Some toxic effects such as irritancy and loss in body weight were noted, sometimes even before inhibition was achieved, but as a result of the study it seemed well worthwhile giving a compound like copper indomethacin a clinical trial in some inflammatory and arthritic states.
Another model of delayed hypersensitivity (contact sensitivity to oxazolone) was later examined, as cellular infiltration in this test is predominantly mononuclear. After painting rat skin with an oily solution of oxazolone and challenging the ear with oxazolone 14 days later, histological changes occur in the ear which swells in thickness. The reaction is similar to that in human allergic and toxic dermatitis, resembling a type IV allergic response mediated by appropriately sensitized B lymphocytes. However, NR rats unexpectedly responded even better than did R rats in this test. Again, levamisole was active, reducing the swelling in both types of rat, whereas penicillamine was inactive (West 1982c) . The copper complex of levamisole was also about 10 times more active than the parent compound.
The future The selective release of constituents of cells such as mast cells when the inducer is a noncytotoxic agent such as dextran is known to be energy-dependent and calcium-dependent. It seems that the underlying mechanisms by which such secretagogues alter calcium permeability relate to the phosphatides in the plasma membranes of cells. Future advances in the chemical composition of these membranes are going to yield valuable data, just as they have done with the proteins of cell membranes obtained from different strains and colonies of rat. So much of this delicate work will rest with intricate and novel biochemical methods of analysis, methods which have increased greatly in sensitivity and selectivity over the past 40 years.
